Abstract Background/purpose: It is well recognized that various occupational hazards, including chemical, physical, and biological agents, can have adverse effects on dentists, whose heath is critical to the quality of dental care. However, little is known about the incidence of morbidity in Taiwan's dentist population. We carried out this study to investigate the overall and cause-specific incidence rates of ambulatory care visits by Taiwan's dentists. Materials and methods: Data analyzed in this study were retrieved from Taiwan's National Health Insurance claims. We followed 7760 dentists who had a contract with the National Health Insurance program from 2003 to 2007. The incidence density of ambulatory care was calculated under a Poisson assumption. Using Poisson regression models, we investigated the effects of various sociodemographic and geographic variables on the all-cause and causespecific incidence rates of ambulatory care. Results: Over a 5-year period, the overall incidence rate of all-cause ambulatory care was estimated to be 7038/10 3 person-years. Dentists who were older, were female, and had lower insurance premiums had significantly increased rates. Additionally, those who practiced in central and southern regions and were affiliated with nonmedical centers were also associated with a significantly higher rate. Conclusion: There were inequalities in risks of ambulatory care use among Taiwan's dentists. Further studies should be conducted to investigate the causes responsible for the observed geographic and institutional variations in the risk of morbidity among dentists in Taiwan.
Introduction
Like many other health care workers, dentists are in the forefront of health care systems, and their health is critical to the quality of care received by patients. Compared to the general population, dentists were frequently found to experience lower rates of morbidity and mortality. 1e3 Despite these findings, the health of dentists should not be overlooked because it is well recognized that various occupational hazards can have adverse effects on dentists. These health-threatening agents include biological/infectious (e.g., accidental needle injury), chemical (e.g., certain dental filling materials), physical (e.g., radiation and nonionizing electromagnetic fields), mechanical/ergonomic (repetitive movements and awkward posture), and psychosocial hazards (sense of threat associated with infection with HIV). 4, 5 Dentists can be exposed to these hazards accidentally or even unconsciously at any time at work, and an individual hazard can affect the human body through its preferred portal of entry. 6 Unlike infection/chemical/physical hazards that usually target specific organs, psychosocial hazards may cause a whole-body effect. Since the launch of the National Health Insurance (NHI) program in 1995, the health services industry in Taiwan has changed dramatically. The NHI removed barriers to health care for those newly insured, giving them greater access to health care. 7, 8 By the end of 2004, more than 98% of Taiwanese people were covered by the NHI program. 9 Because of increased demands in the health care environment, health care personnel have encountered heavy workload strains and psychosocial demands. 10 Additionally, Taiwan's dentists seem to experience higher workloads than their counterparts in Western nations. According to the 2009 World Health Organization Statistical Information System report, the United States had the most adequate provision of dentists in the world in 2000e2007, with a rate of 16 dentists per 10 4 people, followed by Canada and Greece (both were 12 dentists per 10 4 people). In Asia, the dentist density is relatively low, with higher figures noted in Japan (7 dentists per 10 4 people) and the Philippines (6 dentists per 10 4 people). The figure for Taiwan was 4.28 dentists per 10 4 people). 11 Epidemiological evidence has shown that a heavy workload is associated with elevated risks of mental disorders and also with adverse effects of diseases of the circulatory system through triggering the release of catecholamines and increased blood pressure, both of which are known risk factors for cardiovascular diseases. 12 Morbidity and mortality associated with various Taiwanese health care professionals, including physicians, 13 nurses, 14 and physicians of Chinese medicine, 15 were previously investigated. Despite the acknowledgment of work-related hazards in clinical settings and the increasingly heavy workloads among dentists in Taiwan, there is little information concerning the morbidity of the Taiwanese dentist population. This study used NHI claims data with a cohort study design to investigate this understudied issue, that is, the incidence of ambulatory care visits made by Taiwanese dentists.
Materials and methods

Sources of data
Data used in this study were retrieved from several claim files of the NHI Research Database (NHIRD) provided by the Bureau of NHI (BNHI), Department of Health, and managed by the National Health Research Institutes (NHRI). The universal NHI program was implemented in Taiwan in March 1995. By the end of 1996, more than 96% of people in Taiwan were covered by the NHI program 8 and the BNHI contracts with 97% of hospitals and 90% of clinics throughout the nation. 16 The NHIRD has accumulated eight different registries and eight claims files reported from all contracted hospitals and clinics. Details of claims files are described elsewhere. 16 We used the registry for medical personnel (2002), ambulatory care claims for 2003e2007, and an updated registry of beneficiaries (2003e2007). To ensure the accuracy of the claims files, the BNHI performs expert reviews on a random sample of every 50e100 ambulatory and inpatient claims quarterly, and false reports of diagnoses result in severe penalties from the BNHI. 17 The datasets used in this study can be interlinked by a scrambled unique individual's personal identification number. The NHRI safeguards the privacy and confidentiality of all beneficiaries and transfers the health insurance data to health researchers after ethical approval has been obtained. In this analysis, access to the NHIRD was approved by both the NHRI and the Fu-Jen Catholic University Medical College Ethics Review Board.
Identification of study participants and data linkages
The registry of medical personnel covers information on demographic characteristics and the contract status with the NHI of various health professionals including dentists, physicians, physicians of Chinese medicine, pharmacists, nurses, medical laboratory technicians, radiological technologists, speech-language therapists, physical and occupational therapists, and dieticians. Based on the registry of 2002, a total of 7760 dentists were identified on the last day of 2002 as the study population.
For each study dentist, we linked his/her personal identification number to ambulatory care claims to retrieve information on episodes of ambulatory visits in 2003e2007. A linkage was considered successful only when the episode occurred within the period of contract for dentists. In total, the cohort of dentists experienced a total of 270,712 ambulatory care visits in the period of 2003e2007.
Statistical analysis
We used the person-year approach under the Poisson assumption to calculate the incidence rate of disease during the follow-up period. The incidence rate was calculated for all causes as well as for 14 major disease categories based on the International Classification of Disease 9th version, Clinical Modification (ICD-9-CM) codes. Through linkages to the beneficiary registry, we were able to identify study participants who terminated their enrollment in the NHI program for various reasons such as mortality and emigration in 2003e2007. The beneficiary registry also has information on the termination of work for each individual. Termination of the contract with the NHI program for dentists can also be noted from an updated registry of medical personnel. Study dentists who were no longer insured by the NHI program were all considered censored in the calculation of person-years being observed, which was then calculated between January 1, 2003 and either December 31, 2007 (for those uncensored) or the date of censoring (for those censored). The total personyears observed for dentists were 38,463.8.
To make comparisons of the all-cause and cause-specific prevalence rates among the dentist population, we used a log linear model with the natural logarithm of the incidence rate as the dependent variable to fit grouped data from three study groups with the simultaneous inclusion of age (five categories), gender (two categories), insurance premiums (four categories), place of practice (six categories), contracted category of affiliation (four types), and urbanization for the area of practice (three categories) according to the National Statistics of Regional Standard Classification. Information of the above baseline characteristics was based on the last record of registry medical personnel in 2002. The ratio of two rates adjusted for potential confounders [i.e., the adjusted rate ratio (ARR)] was calculated using the formula e m , where m is the regression coefficient. The analyses were performed with SAS (version 9.13; SAS Institute, Cary, NC, USA), and the level of significance was set to an a value of 0.05. Table 1 shows the sociodemographic and work characteristics of the studied dentists. The mean age was 40.1 AE 8.2 years, with male and middle-aged (30e39-year-old) dentists dominating the population. There was an apparent geographic distributions of dentists, with more than onethird of dentists (41.7%) practicing in the Taipei area. More than 80% of dentists were affiliated with clinics, and some 60% practiced in urban areas.
Results
Over the 5-year follow-up period, 270,712 ambulatory visits were made by dentists, representing an incidence rate of 7038.1 per 1000 person-years. Respiratory disease (n Z 64,377, 1673.7 per 1000 person-years) was the most prevalent type of illness, accounting for 23.8% of all ambulatory care visits. Other leading causes of outpatient care included infections (22.0%, 1548.2 per 1000 personyears) and endocrine/nutritional/metabolic disorders (8.4%, 594.1 per 1000 person-years) (Fig. 1 ). Compared to younger dentists ( 29 years), older dentists were found to experience significantly increased risk of ambulatory care, with a dose gradient relationship where the ARR increased from 1.10 [95% confidence interval (CI), 1.09e1.12] for dentists aged 30e39 years to 2.43 (95% CI, 2.36e2.49) for those aged !60 years. Female dentists showed a significantly higher rate of ambulatory care visits than their male counterparts (ARR Z 1.45; 95% CI, 1.43e1.46). Insurance premiums and place of practice were both significantly associated with the rate of ambulatory visits. Dentists with middle insurance premiums (New Taiwan dollars (NT$) 40,100 to <87,600) had a significantly lower rate of ambulatory visits; and compared to dentists who practiced in Taipei City, those who practiced in other areas experienced significantly elevated rates of ambulatory visits, with ARRs ranging from 1.03 (95% CI, 1.00e1.07) (eastern) to 1.21 (95% CI, 1.19e1.22) (Kao-Ping area). Although the rate of ambulatory care was also significantly associated with urbanization, the associated ARR was small. We also noted that dentists who worked at clinics had the highest ARR (1.83; 95% CI, 1.64e2.05), compared to dentists from medical centers ( Table 2) . Table 3 shows the cause-specific ARRs in relation to potential predictors. There was a dose gradient relationship between age and the rate of ambulatory care for all causes. The greatest increase in the rate associated with those aged !60 years was noted for circulatory (ARR Z 3.06) and endocrine/nutritional/metabolic (ARR Z 4.06) diseases. We also noted that female dentists experienced significantly elevated ARRs for a number of diseases, with the greatest increase for genitourinary disorders (ARR Z 1.81), followed by diseases of the blood and blood-forming organs (ARR Z 1.42). However, female dentists were associated with significantly reduced ARRs for several causes including circulatory disease (ARR Z 0.50), endocrine/nutritional/metabolic diseases (ARR Z 0.65), mental disorders (ARR Z 0.78), and digestive disorders (ARR Z 0.95). Generally, dentists with higher insurance premiums (!NT$40,100) tended to have lower rates of ambulatory visits for all causes, which was mainly attributable to neoplasms (ARR Z 0.67e0.77), mental disorders (ARR Z 0.73e0.88), and circulatory diseases (ARR Z 0.81e0.88). Compared to dentists employed in medical centers, those affiliated with local hospitals experienced significantly and modestly (>0%) elevated rates of diseases of the blood and blood-forming organs (ARR Z 1.75), mental disorders (ARR Z 1.59), and skin diseases (ARR Z 1.52). By contrast, dentists who practiced in clinics were associated with a substantial increase in the ARR (8.38) for genitourinary disorders. Although there was also an urban/rural difference in rates of cause-specific ambulatory care visits, the difference was considered small. The only notable increase in the ARR was observed for diseases of the nervous system and sense organs (ARR Z 3.01) in dentists from rural areas, compared to those practicing in urban areas.
Discussion
This study is thought to be the first report including all dentists who have a contract with the NHI program in Taiwan. Taiwan's dentists had an annual average of 7.04 ambulatory visits per person in 2003e2007, and this figure was half of the national average (13.4 visits per person). 18 Respiratory diseases were the most prevalent cause of ambulatory visits for dentists. Other common causes included infections, endocrine/nutritional/metabolic disorders, and nerve-related diseases. We also noted that the incidence rate of ambulatory care was significantly associated with a dentist's demographic variables, and also with the type of affiliation and geographic area.
According to NHI statistics, the most prevalent disease presenting to outpatient settings was respiratory diseases (5021 per 1000) for the general population in 2007, followed by diseases of the digestive system (3212 per 1000) and circulatory diseases (1862 per 1000). 16 However, the leading causes of ambulatory care visits for dentists were respiratory diseases (1673 per 1000), infectious diseases (1548 per 1000), and metabolic diseases and immunity disorders (594 per 1000). Higher incidence rates of infectious disease and metabolic diseases and immunity disorders noted in dentists might be related to dental work. However, identifying specific risk factors, either work or lifestyle related, is not possible in this study because of limitations of the information obtained from the NHI data.
We noted a 45% higher rate of ambulatory visits for all causes among female dentists compared to their male colleagues. The higher rate of ambulatory care in female dentists could be due, in part, to inclusion of pregnancyrelated care in female dentists. In female dentists, higher disease incidences were also noted for genitourinary diseases (RR, 1.81), diseases of the blood and bloodforming organs (RR, 1.42), and skin diseases (RR, 1.30). On the contrary, female dentists were associated with significantly lower RRs for endocrine/nutritional/metabolic diseases (RR, 0.65) and circulatory diseases (RR, 0.50). A Swedish study comparing the self-reported health status of female and male physicians reported that female physicians were at a higher risk than males for an impaired health status. 19 Additionally, a large-scale health survey suggested that women's morbidity and medical care utilization tend to be higher than men's. 20 Gynecological and obstetric diagnoses are accountable for >40% of female Figure 1 Incidences of all-cause and cause-specific ambulatory care visits by dentists in Taiwan, 2003e2007. morbidities, and more than a quarter of these data can be explained by prevention and diagnostics. The often-alleged female excess of "vague" or psychosomatic symptoms accounted for <20% of the overall gender difference. 21 Thus, further investigations of work and lifestyle hazards among female dentists may allow more-specific interpretations of such gender differences as observed in our study.
There was an apparent geographic variation in the incidence of ambulatory care, with higher rates noted for dentists from central and southern parts of the nation. An earlier study reported that compared to those employed in eastern Taiwan, nurses in the northern region (Taipei and north) had a significantly reduced risk (3%) of ambulatory care, whereas the risk of those in the central and southern (south and Kao-Ping area) parts of the nation had a significantly increased risk by a magnitude of 3e7%.
14 Previous studies suggested that dissimilarities in accessibility to health care and the quality of diagnostic techniques might account for geographic variations in medical care utilization in Taiwan. 16, 22 We further examined whether the observed geographic variation in rates of outpatient visits was case specific to the dentist population or was it also true for the general population. According to 2007 NHI statistics, people in Taipei City and County had an incidence rate of all-cause ambulatory visits of 21,891 and 20,324 per 1000, respectively, which was lower than the national average (i.e., 22,492 per 1000). However, people in Taichung City/County (24,580/24,426 per 1000) and in Tainan City/County (22,245/22,744 per 1000) all had incidence rates higher than those of the north.
16 Similar findings were also noted for the cause-specific data. These numbers suggested that a higher rate of ambulatory visits Table 2 simultaneously included in the model. b NTD, New Taiwan dollars (NT$30 z US$1); categorization was based on monthly income. by dentists in certain areas was likely attributable to factors related to the geographic area. Our study showed that dentists working in clinics experienced a higher incidence of all-cause ambulatory care. Based on NHI statistics, there were totally 254,015 dental care visits reimbursed in 2003e2007, 16 and clinic dentists were responsible for 2957 visits per dentist annually. The corresponding figure for hospital dentists was only 1497 visits. 16 These numbers suggest a huge workload for clinic dentists, who represented approximately 80.8% of the dental workforce in Taiwan. In addition to a large number of dental visits, the dentists may also increasingly experience certain psychologically related workloads such as severity/complexity of patients cared for by dentists. The higher incidence of ambulatory visits noted in clinic dentists could be attributable to certain illnesses including genitourinary diseases (RR 8.38) and endocrine/nutritional/ metabolic disorders (RR 4.38). Given a heavy workload, dentists might lack adequate exercise, which is considered a strong risk factor for metabolic disorders. 23 Moreover, a heavy workload is also associated with increased work pressure, and dentists might therefore reduce their use of the lavatory. Whether this, in turn, leads to an increased incidence of genitourinary disease warrants further investigation. This study was based on a national unselected dataset, which leaves little room for selection bias. Through linkages with NHI claims, the rate of those lost to follow-up in the study cohort was minimal, which further ensures the small likelihood of a selection bias. Despite that, a number of limitations should also be noted. First, information on dentists' characteristics was obtained only from the last record of the registry of medical personnel in 2002; and we did not repeatedly measure those characteristics over the study period. Failure to consider possible changes in these characteristics may have diluted the associations of these characteristics with risks of morbidity in dentists.
Second, this study relied solely on claims data, and it is likely that we underestimated the incidence of ambulatory care visits by dentists. A previous study reported that it is not uncommon for some health care professionals to be reluctant to seek treatment for their disease. 24 An earlier study also reported a very low risk of hospitalization of Taiwanese physicians, suggesting possible self-caring effects by physicians. 13 Additionally, the healthy worker effect 25 could also have affected the incidence rate of morbidity estimated in this study, as the present study included only dentists in active practice. Good health is usually required for people to continue employment. There is also a tendency for those who develop diseases to leave their jobs. 25 Thus, dentists who discontinued practicing may have done so because of certain health problems. Because of a lack of detailed information concerning the care-seeking behaviors of the studied dentists, we were unable to precisely interpret the study findings. Lastly, this study was based on a fairly large sample size, which can easily make the hypothesis testing significant. Thus interpretations of statistically significant findings should be done with caution, and the size of the effect indicated by the RR should simultaneously be considered.
There was an inequality in ambulatory care visits among dentists in Taiwan. Further studies should be conducted to investigate the causes responsible for the observed geographic and institutional variations in risks of morbidity among dentists in Taiwan. Additionally, policy makers and health administrators must not overlook the health problems of high-risk dentists. A mandatory periodic physical examination for dentists must be considered. 
